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•  The  nanocomposite  has  iron  sulfide  nanoparticles  sandwiched  between  carbons. 

•  The  nanocomposite  shows  excellent  electrochemical  performance. 
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A  novel  solvent-free  thermal  reaction  of  ferrocene  and  sulfur  is  developed  for  preparing  iron  sulfide  and 
carbon  nanocomposites,  where  ferrocene  acts  as  both  iron  and  carbon  source.  The  prepared  composite 
has  iron  sulfide  sandwiched  in  carbon  matrix.  Moreover,  ferrocene  and  sulfur  can  turn  to  vapor  phase  at 
an  elevated  temperature,  resulting  in  easy  deposition  of  product  on  the  surface  of  templates.  Sodium 
chloride  was  selected  as  a  template  due  to  its  nontoxic  and  water-soluble  nature.  The  NaCl-templated 
composite  shows  “sphere  on  mattress”  morphology  and  exhibits  the  highest  capacity  and  the  longest 
cyclability  ever  reported  for  iron  pyrite  anode.  To  obtain  mesoporous  nanocomposites,  SBA-15  was  also 
applied  as  templates.  The  mesoporous  nanocomposite  demonstrates  excellent  capacity  retention  capa¬ 
bility,  indicating  the  robust  structural  stability. 

©  2014  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

In  recent  years,  iron  pyrite  has  received  significant  research 
attention  owing  to  its  earth  abundance,  nontoxicity,  and 
outstanding  performance  in  a  variety  of  applications  [1—4].  For 
example,  its  large  optical  absorption  coefficient  (6  x  105  cm-1)  and 
high  theoretical  photovoltaic  conversion  efficiency  (28%)  make  it  an 
ideal  photovoltaic  material  and  photocatalyst  [2,5-8];  when 
considered  as  electrode  material  in  lithium-ion  batteries  (LIB),  it 
has  high  theoretic  capacity,  and  the  Li/FeS2  system  possesses  ad¬ 
vantages  of  overcharge  protection  and  high  temperature  operation 
stability  [9-14].  However,  if  iron  sulfide  alone  is  applied  as  an 
anode,  it  usually  shows  a  fast  fading  capacity  and  poor  rate  capa¬ 
bility  due  to  its  poor  electrical  conductivity  and  notorious  structural 
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pulverization  caused  by  mechanical  strain  during  the  insertion  and 
extraction  of  lithium  ions.  Additionally,  the  formation  of  poly¬ 
sulfides  in  the  lithium  ion  storage  process  worsens  the  situation. 
The  polysulfides  usually  exist  as  insulating  layers  outside  the 
electrode,  which  not  only  further  decrease  the  conductivity  and 
retard  the  electrochemical  reaction  process,  but  also  are  soluble  in 
organic  electrolyte  and  can  gradually  migrate  to  the  cathode  side, 
resulting  in  poor  performance  and  short  life  of  the  battery  [15-17]. 
To  address  above  problems,  carbon  coating  is  considered  to  be  one 
of  the  most  effective  strategies  [16,17].  The  carbon  plays  a  crucial 
role  in  enhancing  the  electrochemical  performance  of  materials, 
e.g.  increasing  the  electrode  conductivity  thus  promotes  fast  elec¬ 
tron  transports,  maintaining  structural  integrity  under  large  vol¬ 
ume  changes  during  the  charging  and  discharging  cycles,  and 
preventing  aggregation  of  nanoparticles.  In  the  case  of  metal  sul¬ 
phides,  carbon  coating  can  reduce  or  avoid  the  dissolution  of  pol¬ 
ysulfides  by  absorbing  and  trapping  them  inside  [16—18]. 
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To  date,  there  have  been  a  large  amount  of  carbon-based  com¬ 
posites  as  anode  materials  showing  largely  enhanced  performance 
[17,19-21].  However,  few  reports  have  been  dedicated  to  FeS2  and 
carbon  composite  [9,12].  In  those  available  reports,  carbon  is  usu¬ 
ally  introduced  in  three  ways:  (a)  adding  pre-carbon  precursor  like 
glucose,  sugar  in  the  synthetic  process  of  FeS2  [9];  (b)  introducing 
ready-made  carbon  materials  (e.g.  carbon  nanotubes,  graphene)  to 
the  synthetic  process  [12];  (c)  preparing  FeS2  first  then  coated  it 
with  carbon  or  polymers  [22].  In  the  first  case,  post-annealing  steps 
are  often  required,  while  carbon  materials  are  supplied  in  the 
second  case,  and  the  third  one  is  a  multiple-step  process.  Moreover, 
in  many  reports,  the  preparation  of  FeS2  via  solvothermal  synthesis 
requires  hazardous  organic  solvents  or  surfactants  (e.g.  oleylamine, 
oleic  acid)  [23,24]. 

Herein,  we  report  a  single-step  solvent-free  thermal  reaction  of 
ferrocene  and  sulfur  for  preparing  FeS2@C.  Under  this  scenario, 
ferrocene,  a  sandwich  compound  with  a  central  Fe  atom  bounded 
to  two  cyclopentadienyl  rings,  is  used  as  both  iron  and  carbon 
source.  Because  ferrocene  and  sulfur  can  turn  to  vapor  phase  at  an 
elevated  temperature,  they  can  be  easily  deposited  on  the  surface  of 
various  templates.  Here,  we  prepared  water-soluble  NaCl  tern- 
plated  FeS2@C  nanocomposites.  When  applied  as  electrode  mate¬ 
rials  in  LIB,  the  NaCl-templated  composite  exhibits  the  best 
electrochemical  performance:  maintaining  a  discharge  capacity  of 
681.8  mAh  g-1  even  after  100  cycles  at  a  current  density  of 
100  mA  g-1,  which  is  the  highest  capacity  with  the  longest  cycla- 
bility  reported  for  FeS2.  Additionally,  when  SBA-15  is  applied  as 
template,  mesoporous  FeS@C  nanocomposite  can  be  obtained. 

2.  Material  and  methods 

In  a  typical  experimental  procedure,  0.93  g  ferrocene  (Aldrich, 
98%)  and  0.4  g  sulfur  (Aldrich,  99.98%)  were  well  mixed  and  ground 
with  a  pestle  and  mortar  then  wrapped  by  alumina  foil.  The 
mixture  was  annealed  at  500  °C  for  2  h  in  flowing  N2  atmosphere  to 
obtain  the  final  FeS2@C  product.  Templated  products  were  pre¬ 
pared  in  the  same  procedure,  except  that  5  g  NaCl  (Aldrich,  99.5%, 
particle  size  0.5-0.7  mm)  or  0.4  g  SBA-15  (detailed  synthetic  pro¬ 
cedure,  porosity,  morphology  can  be  found  in  our  previous  work 
[25])  were  introduced  to  ferrocene  and  sulfur  before  mixing  and 
grinding.  After  the  reaction,  NaCl  was  washed  away  by  deionized 
water  while  SBA-15  was  removed  by  NaOH.  The  schematic  syn¬ 
thetic  procedure  for  the  synthesis  of  FeS2@C  nanocomposites  is 
shown  in  Fig.  1(a).  For  simplicity,  the  sample  prepared  without 
templates  is  noted  as  FeS2@C,  and  the  NaCl  templated  sample 
named  as  NaCl-FeS2@C  (NaCl  has  been  washed  away).  Because  the 
product  templated  by  SBA-15  exhibits  different  crystalline  phase 
from  the  FeS2@C  and  NaCl-FeS2@C,  it  will  be  discussed  separately. 


The  structure  and  morphology  of  the  samples  were  charac¬ 
terized  by  X-ray  diffraction  (XRD,  Cu  Ka)  and  transmission  elec¬ 
tron  microscopy  (TEM,  JEOL-2010,  200  kV).  The  Brunauer- 
Emmett-Teller  (BET)  specific  surface  area  of  the  sample  was 
determined  by  an  ASAP  2020  using  the  standard  N2  adsorption 
and  desorption  isotherm  measurements  at  77  K.  Electrochemical 
measurements  were  conducted  using  CR-2032  coin  cells.  The 
working  electrode  was  prepared  by  casting  slurry  (70  wt%  of 
active  materials,  20  wt%  of  carbon  black,  and  10  wt%  of  poly- 
vinylidene  fluoride  binder  in  N-methyl-2-pyrrolidinone)  onto  the 
nickel  foam  (MTI,  Purity  >  99.99%,  1.6  mm),  and  dried  in  a  vacuum 
oven  at  70  °C  for  12  h  to  remove  the  solvent.  Electrode  material 
thickness  is  around  10  pm  and  has  a  density  of  2  mg  cm-2.  A 
lithium  foil  was  used  as  the  counter  electrode  and  a  mixture  of 
1  M  LiPF6  in  ethylene  carbonate  (EC)/dimethyl  carbonate  (DMC) 
(1:1  in  volume)  was  used  as  the  electrolyte.  Cell  assembly  was 
carried  out  in  an  argon-filled  glove-box  with  an  oxygen  concen¬ 
tration  below  1  ppm.  The  galvanostatic  charge/discharge  mea¬ 
surements  were  performed  using  a  Land  battery  testing  system  in 
the  cutoff  voltage  window  of  0.005-3  V  (vs.  Li+/Li). 

3.  Results  and  discussion 

A  chemical  reaction  is  proposed  in  Fig.  1(b)  to  represent  the 
formation  of  iron  sulfide  and  carbonization  of  cyclopentadienyl 
rings  in  the  annealing  process.  The  XRD  patterns  of  FeS2@C  and 
NaCl— FeS2@C  are  shown  in  Fig.  1(c).  The  diffraction  peaks  of  both 
nanocomposites  can  be  attributed  to  FeS2  (JCPDS  65-3321).  The 
peaks  are  not  very  sharp,  indicating  the  low  crystallinity  of  the 
nanocomposites.  Fig.  2(a)— (c)  shows  the  TEM  images  of  FeS2@C 
nanocomposite  prepared  without  template.  As  can  be  seen  in 
Fig.  2(a),  the  composite  mainly  contains  large  aggregates.  Higher 
magnification  images  (Fig.  2(b)  and  (c))  reveal  that  the  micro¬ 
structure  of  FeS2@C  has  FeS2  nanoparticles  sandwiched  within 
carbon  (carbon/FeS2/carbon),  which  may  be  inherited  from  the 
sandwich  molecular  structure  of  ferrocene  (cyclopentadienyl  ring/ 
Fe/cyclopentadienyl  ring).  When  NaCl  was  added  into  the  synthetic 
procedure,  the  product  (NaCl-FeS2@C),  as  shown  in  Fig.  2(d),  has 
many  spheres  with  diameter  around  750  nm  sitting  on  a  “com¬ 
posite  mattress”.  The  flat  bare  mattress  and  a  small  part  of  com¬ 
posite  falling  off  from  spheres  are  exhibited  in  Fig.  2(e)  and  (f), 
respectively.  Both  have  the  same  microstructure  as  that  FeS2 
nanoparticles  are  embedded  in  carbon  matrix.  A  possible  formation 
mechanism  of  the  “sphere  on  mattress”  structure  is  proposed:  in 
the  annealing  step,  ferrocene  and  sulfur  were  first  deposited  on  the 
surface  of  sodium  chloride  particles  to  form  the  flat  “mattress”.  The 
already  formed  nanoparticles  on  the  surface  of  “mattress”  can  act 
as  nucleation  sites  for  further  formation  and  growth  of  spheres. 
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Fig.  1.  (a)  Schematic  illustration  of  the  synthetic  procedure  of  FeS2@C  composites;  (b)  the  proposed  chemical  reaction  for  the  synthetic  procedure;  (c)  XRD  patterns  of  FeS2@C  and 
NaCl-FeS2@C  composites. 
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Fig.  2.  TEM  images  of  (a-c)  FeS2@C  composite;  (d-f)  NaCl-FeS2@C  composite. 


It  is  believed  that  carbon-based  composites  are  promising  for 
lithium  ion  batteries.  Thus,  FeS2@C  and  NaCl— FeS2@C  were 
assembled  into  half-cells  and  evaluated  by  galvanic  charge  and 
discharge  in  a  voltage  range  of  0.005-3  V  (vs.  Li+/Li).  Fig.  3(a) 
displays  the  discharge/charge  voltage  profile  of  the  NaCl-FeS2@C 
for  the  first,  second,  third,  and  100th  cycles  at  a  current  density  of 
100  mA  g”1.  The  initial  discharge  plateaus  around  1.2  V  is  attributed 
to  the  lithiation  reaction  of  FeS2  to  form  U2S  and  Fe,  while  the  two 


charge  plateaus  around  1.9  and  2.2  V  correspond  to  the  formation  of 
Li2_*FeS2,  Li  and  further  transformation  to  FeSy,  S,  and  Li  [9-11  .  In 
addition,  the  initial  discharge  capacity  for  NaCl-FeS2@C  sample  is 
1446.7  mAh  g-1,  with  the  corresponding  charge  capacity  of 
1024.6  mAh  g-1,  giving  the  initial  Coulombic  efficiency  of  70.8%. 
The  low  initial  Coulombic  efficiency  is  caused  by  the  irreversible 
consumption  of  lithium  ions  due  to  the  formation  of  the  solid 
electrolyte  interphase  (SEI)  layers.  The  cyclic  performance  of  the 
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Fig.  3.  (a)  Voltage  profile  of  NaCl-FeS2@C  at  a  current  density  of  100  mA  g  1;  (b)  cycle  performance  of  the  two  nanocomposites  at  100  mA  g  1;  (c)  cycle  performance  of  NaCl- 
FeS2@C  nanocomposite  at  300  mA  g-1;  (d)  rate  performance  of  NaCl-FeS2@C  nanocomposite. 
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Fig.  4.  (a)  XRD  patterns  of  SBA-15  templated  composites  (a.  the  composite  obtained  within  SBA-15;  b.  the  composite  after  the  removal  of  SBA-15;  the  template-free  composite 
further  annealed  at  c.  500  °C  for  1  h,  d.  600  °C  for  1  h,  e.  700  °C  for  1  h);  TEM  images  of  (b)  the  composite  within  SBA-15;  (c)  the  composite  after  removal  of  SAB-15;  the  obtained 
template-free  sample  annealed  at  (d)  600  °C,  and  (e,f)  700  °C  for  1  h. 


two  samples  at  a  current  density  of  100  mA  g"1  is  presented  in 
Fig.  3(b).  As  can  be  seen,  FeS2@C  and  NaCl-FeS2@C  show  similar 
capacities  in  the  first  25  cycles,  except  the  discharge  capacities  of 
the  first  and  the  second  cycles  of  FeS2@C  are  lower  that  that  of  the 
third  cycle.  This  phenomenon  may  be  induced  by  the  larger  ag¬ 
gregates  (Fig.  2(a))  of  FeS2@C  sample,  where  the  longer  ion  diffu¬ 
sion  and  electron  transfer  path  result  in  retarded  electrochemical 
reaction.  After  30  cycles,  FeS2@C  suffers  fast  fading  capacity,  while 
NaCl-FeS2@C  nanocomposite  demonstrates  a  stable  and  robust 
cyclic  performance.  After  100  cycles,  the  NaCl-FeS2@C  nano¬ 
composite  still  remains  a  reversible  discharge  capacity  of 
681.8  mAh  g_1,  the  highest  capacity  and  longest  cyclability  reported 
to  date  for  FeS2  based  materials:  420  mAh  g-1  of  FeS2  nanoparticles 
after  30  cycles  at  0.1  C  (1C  =  890  mAg-1)  [10];  495  mAh  g~j  ofFeS2 / 
C  after  50  cycles  at  a  very  low  current  density  of  0.05C  [9]; 
427  mAh  g-1  of  FeS2  nanocrystals  at  0.1  C  after  40  cycles  [3];  and 
491  mAh  g-1  ofFeS2/CNT  at  0.1  C  after  50  cycles  12].  Moreover,  the 
NaCl— FeS2@C  delivers  a  high  capacity  of  445.7  mAh  g-1  even  after 
being  cycled  at  a  higher  current  density  of  300  mA  g_1  for  100 
cycles  (Fig.  3(c)).  The  overall  Coulombic  efficiency  among  the  100 
cycles  is  above  99%. 

Fig.  3(d)  displays  the  rate  performance  of  the  NaCl-FeS2@C 
composite  at  different  current  densities.  As  expected,  its  specific 
capacity  decreases  with  the  increase  of  the  current  densities:  the 
electrode  delivered  a  capacity  of  -820  mAh  g^1  at  200  mA  g_1, 
-720  mAh  g-1  at  300  mA  g-1,  -615  mAh  g-1  at  500  mA  g-1,  and 
—  440  mA  g  1  at  1000  mA  g-1,  respectively.  When  the  current 
density  was  changed  to  100  mA  g  \  the  specific  capacity  reboun¬ 
ded  to  -760  mAh  g-1,  showing  very  small  capacity  loss.  The 
excellent  electrochemical  performance  of  NaCl— FeS2@C  could  be 
attributed  to  the  robust  “sphere  on  mattress”  architecture  and  the 
microstructure  of  FeS2  sandwiched  between  carbon.  The  carbon 
matrix  not  only  increases  the  electrode  conductivity,  but  also  acts 
as  a  buffer  layer  that  maintains  structural  integrity  of  the  electrode 
despite  large  volume  changes  during  the  charging  and  discharging 
cycles,  as  well  as  hinders  aggregation  of  FeS2  particles.  Compared 
with  those  nanostructures  having  nanoparticles  anchored  on  the 
surface  of  carbon  layers,  the  sandwiched  nanostructure  also  has  the 
advantage  of  preventing  particles  falling  off  during  cycling  process. 


Additionally,  the  FeS2  itself  acts  as  spacer  to  allow  easy  penetration 
of  electrolyte  and  fast  diffusion  of  Li  ions.  More  importantly,  the 
carbon  matrix  can  reduce  or  avoid  the  dissolution  of  polysulfide  by 
absorbing  and  trapping  it  inside. 

In  order  to  obtain  mesoporous  iron  sulfide  and  carbon  nano¬ 
composite,  SBA-15  was  also  applied  as  template.  Interestingly,  the 
SBA-15  templated  product  is  FeS  (JCPDS  #65-9124)  rather  than  FeS2 
phase,  as  confirmed  by  XRD  patterns  (Fig  4(a), a).  We  also  found  that 
the  SBA-15  removal  treatment  by  NaOFI  has  influence  on  FeS 
nanoparticles.  The  XRD  patterns  in  Fig.  4(a)  and  (b)  show  that  the 
composite  become  amorphous  after  the  NaOFI  treatment,  which 
may  indicate  the  decomposition  of  FeS.  The  amorphous  composite 
can  be  recrystallized  to  FeS  at  an  annealing  temperature  above 
600  °C,  as  determined  in  Fig.  4(a),  (d)  and  (e).  Two  additional  small 
peaks  from  Si02  residue  and  Fe304  were  observed.  The  Fe304  is 
probably  generated  from  the  oxidation  of  metastable  FeS.  The  XRD 
analysis  is  consistent  with  the  TEM  images.  As  can  be  seen  in  Fig 
4(b),  the  composite  before  removing  template  contains  some  FeS 
nanoparticles.  However,  after  the  removal  treatment  of  SBA-15,  the 
FeS  nanoparticles  disappear,  leaving  amorphous  phase  behind 
(Fig.  4(c)),  which  explains  why  no  peak  is  found  in  the  XRD  pattern. 
Fig.  4(d),  (e)  and  (f)  shows  the  images  of  template-free  composite 
annealed  at  600  or  700  °C.  It  can  be  seen  that  the  FeS  nanoparticles 
were  regrown  in  the  mesoporous  carbon  matrix.  N2  adsorption/ 
desorption  measurement  was  conducted  to  study  the  specific  sur¬ 
face  area  and  porosity  of  FeS@C  (annealed  at  700  °C).  As  can  be  seen 
from  Fig.  5(a),  the  N2  adsorption/desorption  isotherm  profile  of 
FeS@C  has  the  typical  characteristics  of  mesoporous  materials,  type 
IV  curve.  The  FeS@C  has  a  very  large  BET  surface  area  of 
440.3  m2  g^1  with  pore  size  around  4  nm. 

It  is  interesting  that  SBA-15  results  in  the  formation  of  FeS  rather 
than  FeS2.  After  carefully  reviewing  and  comparing  the  reaction 
process,  we  realized  that  the  actual  amount  of  sulfur,  which  can  be 
readily  accessed  by  ferrocene  vapor,  should  be  responsible  for  the 
formation  of  different  products.  In  the  experiments,  ferrocene  and 
sulfur  with  or  without  templates  were  mixed  together  first,  then 
turned  to  vapor  phase  for  the  synthetic  reaction  of  iron  sulfides. 
When  there  is  no  template  or  solid  NaCl  is  applied,  the  sulfur  vapor 
is  always  adequate  for  the  given  amount  of  ferrocene  to  form  FeS2, 
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Fig.  5.  (a)  N2  adsorption/desorption  isotherm  of  FeS@C  (annealed  at  700  °C)  at  77  K;  (b)  Cycle  performance  of  FeS@C  (700  °C)  nanocomposite  at  a  current  density  of  100  mA  g  1;  (c) 
rate  performance  of  FeS@C  (700  °C)  nanocomposite. 


because  sulfur  is  over  supplied  in  the  experimental  process.  How¬ 
ever,  in  the  case  of  SBA-15,  the  reaction  of  ferrocene  and  sulfur  are 
taken  place  in  the  mesochannels  (~11  nm)  of  SBA-15.  Before  iron 
sulfide  can  be  formed,  ferrocene  and  sulfur  both  need  to  diffuse  into 
the  small  channels.  In  other  words,  they  have  to  compete  with  each 
other  to  enter  the  space-limited  reaction  site.  Under  this  scenario, 
although  sulfur  is  over  supplied,  it  is  not  enough  for  the  formation 
of  FeS2  in  the  space-limited  mesochannels,  therefore,  FeS  is  formed. 
To  make  it  simple,  in  the  case  of  SBA-15,  sulfur  is  the  limited  re¬ 
actants,  while  ferrocene  is  the  limited  one  in  the  case  of  no  tem¬ 
plate  or  solid  NaCl  template  synthesis. 

We  also  studied  the  electrochemical  performance  of  the  SBA-15 
templated  mesoporous  FeS@C  sample.  The  cyclic  performance  is 
shown  in  Fig.  5(b).  As  observed,  it  delivers  a  high  initial  discharge 
capacity  of  1294.8  mA  g  A  and  remains  a  second  discharge  cycle 
capacity  of  789.6  mA  g-1.  The  discharge  capacity  shows  a  clear 
decrease  in  the  first  20  cycles.  Afterward,  the  cyclic  performance  is 
much  more  stable  and  demonstrates  a  capacity  of  428.57  mA  g”1 
even  after  100  cycles.  Over  the  100  cycles,  the  Coulombic  efficiency 
remains  around  98%.  When  cycled  at  different  current  densities, 
the  FeS@C  also  shows  good  rate  capabilities  (Fig.  5(c)).  As  the 
current  density  increases  from  200  mA  g-1  to  300  mA  g_1, 
500  mA  g-1,  800  mA  g-1,  and  1000  mA  g-1,  the  specific  capacities 
change  from  -570  mAh  g_1  to  440  mAh  g-1,  340  mAh  g_1, 
260  mAh  g-1,  and  220  mAh  g_1,  respectively.  Once  the  current 
density  was  changed  to  100  mA  g-1,  the  specific  capacity  reboun¬ 
ded  to  -540  mAh  g-1,  demonstrating  good  capacity  retention. 
Note  that  the  FeS@C  sample  has  lower  capacity  value  in  compari¬ 
son  to  NaCl-FeS2@C,  which  could  be  due  to  the  lower  theoretical 
capacity  of  FeS  and  its  partial  loss  in  the  Si02  removal  step. 
Considering  the  requirements  of  strong  base  or  hydrofluoric  acid 
for  Si02  removal  and  the  accompanied  FeS  loss,  the  NaCl  templated 
FeS2@C  is  the  better  choice  for  batteries  materials.  While  the 
mesoporous  nature  of  FeS@C  may  make  it  a  good  candidate  for 
catalyst  application. 

4.  Conclusion 

In  summary,  a  solvent-free  thermal  reaction  of  ferrocene  and 
sulfur  has  been  developed  for  preparing  iron  sulfide  and  carbon 
nanocomposites,  where  ferrocene  acts  as  both  carbon  and  iron 
source.  Because  both  ferrocene  and  sulfur  turn  to  vapor  phase  at  an 
elevated  temperature,  the  final  product  can  be  easily  deposited  on  the 
surface  of  templates  with  controllable  morphology.  Due  to  the  ad¬ 
vantageous  microstructure  of  iron  sulfide  nanoparticles  sandwiched 
in  carbon  matrix,  the  composites  show  excellent  electrochemical 


performance.  Especially,  the  NaCl  template  N-FeS2@C  maintains  a 
capacity  of  681.8  mAh  g-1  at  100  mA  g-1  after  100  cycles,  higher  than 
all  the  reported  values  for  iron  pyrite  anode. 
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